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Abstract 

Study Objectives.  Shift work, insufficient sleep, and poor sleep quality at young age have been associated with increased risk of mul-
tiple sclerosis (MS). This study aimed to investigate the potential interaction between aspects of inadequate sleep (short sleep, phase 
shift, and poor sleep quality) during adolescence and HLA-DRB1*15:01 in relation to MS risk.

Methods.  We used a Swedish population-based case–control study (1253 cases and 1766 controls). Participants with different sleep 
patterns during adolescence and HLA-DRB1*15:01 status were compared regarding MS risk by calculating odds ratios with 95% confi-
dence intervals (CI) using logistic regression models. Additive interaction between aspects of inadequate sleep and HLA-DRB1*15:01 
status was assessed by calculating the attributable proportion due to interaction (AP) with 95% CI.

Results.  Short sleep duration (<7 hours/night) during adolescence acted synergistically with HLA-DRB1*15:01, increasing the risk of 
MS (AP 0.38, 95% CI: 0.01 to 0.75, p = .04). Similarly, subjective low sleep quality during adolescence interacted with HLA-DRB1*15:01 
regarding risk of MS (AP 0.30, 95% CI: 0.06 to 0.56, p = .03), whereas phase shift did not significantly influence the risk of the disease, 
irrespective of HLA-DRB1*15:01 status.

Conclusions.  Our findings underscore the importance of addressing inadequate sleep during adolescence, particularly in the context 
of the HLA-DRB1*15:01 allele, as it appears to amplify the risk of subsequently developing MS.
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Statement of Significance

This study reveals a significant interaction between inadequate sleep during adolescence and the HLA-DRB1*15:01 allele in increas-
ing the risk of multiple sclerosis (MS). The findings highlight the synergistic effect of short sleep duration and poor sleep quality 
with genetic predisposition, emphasizing the critical role of sufficient and quality sleep in mitigating MS risk. These results under-
score the potential for early lifestyle interventions, particularly sleep optimization, to reduce the risk of MS among genetically 
susceptible individuals.

Multiple sclerosis (MS) is a chronic immune-mediated disorder 
of the central nervous system, influenced by a combination of 
genetic and environmental factors, including Epstein-Barr virus 
infection, smoking, adolescent body mass index, sun exposure, 
and vitamin D. Among the genetic factors, the HLA-DRB1*15:01 
allele stands out as the most significant and has been shown to 
interact with various environmental and lifestyle factors in MS 
[1–3].

Shift work has been linked to increased risk of MS in Nordic 
studies, particularly when such work commences at a young age 
[4, 5]. Given that irregular sleep–wake patterns and restricted sleep 
duration often result from shift work, we previously explored how 
specific aspects of sleep habits impact the occurrence of MS. Both 
restricted sleep and poor sleep quality were linked to increased 
MS risk, while the timing of sleep did not show a significant 
association [6]. Sleep deprivation and poor sleep quality affects 
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immune pathways leading to a chronic inflammatory state [7], 
which could contribute to explain the associations.

Inadequate or disturbed sleep is a common issue among ado-
lescents, in part due to physiologic, psychological, and social 
changes occurring during this life stage [8]. Since sleep patterns 
can be modified through lifestyle adjustments, it is important to 
further investigate their impact on MS risk. In the present study, 
our objective was to explore potential synergistic effect between 
aspects of inadequate sleep and presence of HLA-DRB1*15:01 
allele in the context of MS risk.

Methods
Design and study population
We used a Swedish population-based case–control study, the 
Epidemiological Investigation of MS (EIMS), comprising the gen-
eral population aged 16–70 years. Incident cases of MS were 
identified from neurology units in both hospitals and private 
clinics. The diagnosis was established based on the McDonald 
criteria by local neurologists [9, 10]. For each case, two controls 
were randomly selected from the national population register, 
matched to the cases based on age within 5-year age groups, 
sex, and residential area. The overall structure and methodology 
of this study have previously been described in greater detail 
elsewhere [3].

Information on lifestyle factors and various exposures was 
collected using a standardized questionnaire. Between April 2005 
and March 2013, we received completed questionnaires from 2055 
cases and 4518 controls, with response rates of 93% and 73%, 
respectively. In November 2013, we administered additional ques-
tions to all participants who had completed the original question-
naire during the abovementioned period. These supplementary 
questions included inquiries about sleep habits. Among the 
respondents, 1686 cases (82%) and 2982 controls (66%) provided 
answers to these supplementary questions. We excluded individ-
uals with disease onset before the age of 20 years (225 cases and 
308 controls) and those who were unable to answer the questions 
pertaining to sleep habits (110 cases and 305 controls). The inabil-
ity to answer these questions were due to difficulties in remem-
bering or having had irregular sleep patterns. Furthermore, all 
participants who participated in EIMS were requested to provide 
blood samples for genetic analyses. HLA genotypes were available 
for 1253 cases and 1766 controls, accounting for 61% and 39%, 
respectively, of those who initially completed the original ques-
tionnaire. The present study thus includes 1253 cases and 1766 
controls (Supplementary Figure 1).

The study was approved by the Regional Ethical Review Board 
at the Karolinska Institute (2004/1-4:6) and was conducted in 
accordance with the ethical standards of the 1964 Declaration of 
Helsinki and its subsequent amendments. All participants pro-
vided informed consent prior to their involvement in the study.

Definition of exposure variables
Given that previous research has predominantly linked shift 
work to increased risk of MS when the exposure occurs during 
early adulthood and considering that changes in sleep patterns 
may also result from MS itself, we focused on sleeping behaviors 
during the age period 15–19 years. To gather data on sleep, we 
used questions from the Karolinska Sleep Questionnaire, a val-
idated instrument [11]. The questions were slightly modified to 
capture sleep habits across various age ranges (Supplementary 
Table 1).

Sleep duration.
Participants were requested to provide estimates of their usual 
bedtime and wake-up times on work or school and on weekends 
or free days for different age periods. These periods included 
ages 15–19, 20–29, 30–39, and 40 or older. To determine the aver-
age nightly sleep duration, we calculated it by dividing the total 
weekly sleep duration by seven, providing a per-night estimate. 
This method aimed to capture habitual sleep patterns over these 
age periods. Regarding the age period of 15–19 years, habitual 
sleep duration was dichotomized using 7 or fewer hours/night as 
cutoff.

Phase shift.
The change in sleep timing between work–schooldays and week-
ends–free days was calculated. Phase shift during the ages of 
15–19 years was dichotomized using a cutoff of 3 hours.

Sleep quality.
For evaluating sleep quality, participants were asked to rate the 
quality of their sleep during different age periods using a 5-grade 
scale, ranging from very bad to very good. Sleep quality during 
the age period of 15–19 years was dichotomized into high quality 
(comprising rather good or very good) or low quality (comprising 
neither good nor bad, rather bad, or very bad).

Genotyping
HLA alleles were identified at four-digit resolution. The geno-
typing process was conducted using the MS replication chip 
[12] and for HLA allele identification, HLA*IMP:02 imputation 
was employed [13]. Participants were categorized based on the 
presence or absence of specific HLA alleles that have previously 
been associated with risk of MS (HLA-DRB1*15:01, DRB1*03:01, 
DRB1*13:03, DRB1*08:01, A*02:01, B*44:02, B*38:01, B*55:01, 
DQA1*01:01, DQB1*03:02, and DQB1*03:01) [1, 2].

Statistical analysis
We calculated correlations between habitual sleep duration, 
phase shift, and sleep quality using Pearson correlation coeffi-
cients with 95% confidence intervals (CI). Participants were cat-
egorized based on their habitual sleep duration (using a cutoff 
of 7 or fewer hours/night) and their HLA-DRB1*15:01 status. We 
compared the groups regarding the occurrence of MS by calculat-
ing odds ratios (OR) with 95% CI using logistic regression models. 
Furthermore, we assessed potential interactions on the additive 
scale, which is defined by deviation from additivity of effects, 
between short sleep duration (7 or fewer hours/night) and pres-
ence of DRB1*15:01 assessed by calculating the attributable pro-
portion due to interaction (AP) with 95% CI. In a similar manner, 
participants were categorized based on HLA-DRB1*15:01 status 
and sleep quality. We then conducted analogous calculations to 
evaluate potential interactions.

All analyses were adjusted for age, sex, residential area, ances-
try, smoking, infectious mononucleosis (IM), sun exposure, and for 
the following HLA alleles which have been independently associ-
ated with risk of MS: DRB1*03:01, DRB1*13:03, DRB1*08:01, B*44:02, 
B38:01, B44:02, DQA1*01:01, DQB1*03:02, and DQBI*03:01 [1, 2]. 
Ancestry was dichotomized into Swedish or non-Swedish origin. 
Smoking was categorized into current, past, or never smoking. IM 
was dichotomized into yes, no, or unknown. We constructed an 
index by summing the values to obtain a score between 3 and 12. 
The median value (6) was used to dichotomize sun exposure into 
low or high. The rationale for adjusting for these factors was that 
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they are both associated with sleep patterns and the risk of MS. 
Since obesity may be a consequence of sleep-related factors, we 
did not include BMI in our final analyses. However, we conducted 
supplementary analyses further adjusted for BMI at age 20 years. 
Since sleep duration and sleep quality are correlated, we also 
investigated synergistic effects between short sleep duration and 
DRB1*15:01 status restricted to participants with high sleep qual-
ity. Similarly, we assessed interaction between low sleep quality 
and DRB1*15:01 status among participants who slept more than 
7 hours/night. All analyses were conducted using Statistical 
Analysis System (SAS) version 9.4.

Results
Our analyses were based on 1253 cases and 1766 controls. 
The mean age at disease onset among cases was 35.1 years 
(SD 10.5). Characteristics of cases and controls in the overall 
sample and by each aspect of sleep at age 15–19 years, are pre-
sented in Tables 1–3.

Habitual sleep duration and sleep quality were significantly 
correlated (r = .3, p < .0001 among both cases and controls), 
whereas phase shift did not show a significant correlation with 

either sleep duration or sleep quality. In the total sample, the OR 
of MS was 1.45 (95% CI: 1.05 to 1.85) among participants with 
short sleep duration, compared with those who slept more than 7 
hours/night and 1.60 (95% CI: 1.32 to 1.97) among those with low 
sleep quality, compared to those who reported high sleep quality. 
A shift in the timing of sleep of more than 3 hours between work–
schooldays and days off was not associated with risk of MS (OR 
0.97, 95% CI: 0.87to 1.15).

Interactions between aspects of sleep and 
HLA-DRB1*15:01
Compared with HLA-DRB1*15:01 negative individuals with a sleep 
duration of more than 7 hours/night, the adjusted OR of MS was 
6.01 (95% CI: 3.26 to 11.10) among HLA-DRB1*15:01 carriers with 
short habitual sleep duration. The AP between HLA-DRB1*15:01 
and short sleep duration with respect to MS was 0.38 (95% CI: 
0.01 to 0.75), p = .04 (Table 4). The interaction remained significant 
when the analysis was limited to participants who reported high 
sleep quality (AP 0.34, 95% CI: 0.09 to 0.85, p = .05).

Subjective poor sleep quality among HLA-DRB1*15:01 carriers 
rendered an OR of 5.80 (95% CI: 3.94 to 8.54), compared to HLA-
DRB1*15:01 negative individuals who rated their sleep quality as 

Table 1.  Characteristics of Cases and Controls, in Total Sample and by Sleep Duration (Age Period 15–19 Years)

Total 7 hours/night or less >7 hours/night

Cases Controls Cases Controls Cases Controls

N 1253 1766 72 83 1181 1683

Women, n (%) 943 (75) 1328 (75) 47 (65) 55 (66) 896 (76) 1273 (76)

Swedish, n (%) 1012 (81) 1413 (80) 51 (71) 66 (80) 961 (81) 1347 (80)

Phase shift, mean no. of hours (SD) 1.2 (1.0) 1.2 (1.0) 1.2 (1.3) 1.2 (1.0) 1.2 (1.3) 1.2 (1.0)

Sleep quality, mean (SD) 4.3 (0.9) 4.4 (0.8) 3.6 (1.3) 3.7 (1.2) 4.3 (0.8) 4.4 (0.8)

Smoking, n (%) 640 (51) 759 (43) 49 (68) 51 (61) 591 (50) 708 (42)

Infectious mononucleosis, n (%) 226 (18) 197 (11) 13 (18) 14 (17) 213 (18) 183 (11)

Sun exposure (SD) 6.3 (1.8) 6.6 (1.9) 6.0 (2.1) 6.4 (1.8) 6.3 (1.8) 6.6 (1.9)

Mean adolescent BMI, kg/m (SD) 22.3 (3.7) 21.7 (3.0) 22.5 (4.1) 22.7 (3.8) 22.3 (3.7) 21.7 (2.9)

HLA-DRB1*15:01 carrier, n (%) 691 (55) 207 (29) 37 (51) 17 (20) 654 (55) 490 (29)

Age at disease onset (SD) 35.1 (10.5) 35.9 (12.2) 35.0 (10.4)

Table 2.  Characteristics of Cases and Controls, by Phase Shift (Age Period 15–19 Years)

<3 hours 3 hours or more

Cases Controls Cases Controls

N 104 140 1149 1626

Women, n (%) 82 (79) 108 (77) 861 (75) 1220 (75)

Swedish, n (%) 84 (81) 113 (81) 928 (81) 1300 (80)

Sleep duration, hours/night (SD) 8.5 (0.9) 8.6 (0.8) 8.3 (0.8) 8.3 (0.9)

Sleep quality, mean value (SD) 4.3 (0.8) 4.4 (0.9) 4.3 (0.9) 4.4 (0.8)

Smoking, n (%) 67 (64) 70 (50) 573 (50) 689 (42)

Infectious mononucleosis, n (%) 24 (23) 27 (19) 202 (18) 170 (10)

Sun exposure (SD) 6.3 (1.8) 6.7 (2.0) 6.3 (1.8) 6.6 (1.9)

Mean adolescent BMI, kg/m (SD) 22.1 (4.1) 21.9 (3.6) 22.6 (3.7) 21.7 (2.9)

HLA-DRB1*15:01 carrier, n (%) 61 (59) 45 (32) 630 (55) 462 (28)

Age at disease onset (SD) 35.0 (10.0) 35.1 (10.5)

Phase shift = difference in the timing of sleep between work–schooldays and days off.
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high. The AP between poor sleep quality and HLA-DRB1*15:01 
was 0.30 (95% CI: 0.06 to 0.56), p = .03 (Table 5). The interaction 
remained significant when the analysis was based on only partic-
ipants who slept more than 7 hours/night (AP 0.28, 95% CI: 0.06 
to 0.58), p = .05.

There was no sign of synergistic effects between phase shift 
and HLA-DRB1*15:01 regarding risk of MS (Table 6). All results 
remained consistent when the analyses were further adjusted for 
at age 20 years.

Discussion
Both insufficient sleep and poor sleep quality appear to interact 
with the HLA-DRB1*15:01 allele, increasing the risk of subse-
quently developing MS. Irrespective of HLA-DRB1*15:01 status, a 
shift in timing of sleep was not associated with risk of MS.

Inadequate sleep affects immune functions through vari-
ous mechanisms, such as elevated production of proinflamma-
tory markers, systemic inflammation, and immune dysfunction 
[7]. Additionally, sleep deprivation may contribute to low-grade 
neuroinflammation, oxidative stress, and disruption of the 
blood-brain-barrier [14–16]. Additionally, during periods of sleep 
deprivation, circulating levels of melatonin, known to have neu-
roprotective and anti-inflammatory properties, tend to decrease 
as a protective response against the concurrent increase in oxi-
dative stress [17]. We hypothesize that the combination of genetic 
susceptibility and disrupted sleep may enhance inflammatory 
processes and immune dysregulation, thereby increasing the risk 
of MS.

Insufficient or poor sleep adversely affects the body’s response 
to viral infections [18]. Epstein-Barr virus has been identified as a 
critical factor in the development of MS and increasing evidence 

Table 3.  Characteristics of Cases and Controls, by Sleep Quality (Age Period 15–19 Years)

Low sleep quality (< 5) High sleep quality (5)

Cases Controls Cases Controls

N 192 182 1061 1584

Women, n (%) 142 (74) 143 (79) 801 (75) 1185 (75)

Swedish, n (%) 154 (80) 139 (76) 858 (81) 1274 (80)

Phase shift, mean no. of hours (SD) 1.1 (1.0) 1.3 (1.2) 1.2 (1.2) 1.2 (1.0)

Sleep duration, hours/night (SD) 8.1 (1.1) 8.0 (1.1) 8.6 (0.8) 8.6 (0.8)

Smoking, n (%) 112 (58) 81 (45) 528 (50) 678 (43)

Infectious mononucleosis, n (%) 37 (19) 18 (10) 189 (18) 179 (11)

Sun exposure (SD) 6.1 (1.9) 6.8 (2.0) 6.3 (1.8) 6.5 (1.9)

Mean adolescent BMI, kg/m (SD) 22.7 (4.0) 22.3 (3.4) 22.3 (3.6) 21.7 (2.9)

HLA-DRB1*15:01 carrier, n (%) 103 (54) 48 (26) 588 (55) 459 (29)

Age at disease onset (SD) 33.6 (11.4) 35.3 (10.3)

Sleep quality was assessed on a 5-grade scale (1 = lowest quality, 5 = highest quality).

Table 4.  OR of MS With 95% CI for Participants With Different HLA-DRB1*15:01 Status and Habitual Sleep Duration

DRB1*15:01 Hours/night ca/coa OR (95% C)b OR (95% CI)c AP (95% CI)c, p value

- >7 519/1169 1.0 (reference) 1.0 (reference)

- 7 or less 32/61 1.19 (0.78 to 1.81) 1.21 (0.81 to 1.86)

+ >7 645/482 3.03 (2.59 to 3.54) 3.47 (2.84 to 4.24)

+ 7 or less 32/15 4.95 (2.76 to 8.88) 6.01 (3.26 to 11.1) 0.38 (0.01 to 0.75), .04

anumber of exposed cases and controls;
badjusted for age, sex, residential area, and ancestry;
cadjusted for age, sex, residential area, ancestry, smoking, infectious mononucleosis, sun exposure, phase shift, sleep quality, HLA-DRB1*03:01, DRB1*13:03, 
DRB1*08:01, A*02:01, B*44:02, B*38:01, B*55:01, DQA1*01:01, DQB1*03:02, and DQB1*03:01.

Table 5.  OR of MS With 95% CI for Participants With Different HLA-DRB1*15:01 Status and Sleep Quality

DRB1*15:01 Sleep quality ca/coa OR (95% C)b OR (95% CI)c AP (95% CI)c, p value

− 5 473/1125 1.0 (reference) 1.0 (reference)

− <5 89/134 1.56 (1.17 to 2.08) 1.56 (1.16 to 2.10)

+ 5 588/459 3.06 (2.60 to 3.60) 3.49 (2.84 to 4.29)

+ <5 103/48 5.03 (3.51 to 7.21) 5.80 (3.94 to 8.54) 0.30 (0.06 to 0.56), .03

anumber of exposed cases and controls;
badjusted for age, sex, residential area, and ancestry;
cadjusted for age, sex, residential area, ancestry, smoking, infectious mononucleosis, sun exposure, sleep duration, phase shift, HLA-DRB1*03:01, DRB1*13:03, 
DRB1*08:01, A*02:01, B*44:02, B*38:01, B*55:01, DQA1*01:01, DQB1*03:02, and DQB1*03:01.
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suggest that the latent infection remains inadequately controlled 
in individuals with MS [19]. Viral reactivation can be triggered 
by various stressors, whether immune, cellular, or psychological 
in nature [20]. The compromised ability to manage viral infec-
tions due to insufficient sleep may also contribute to explain the 
association between inadequate sleep and increased risk of MS. 
Our findings underscore the complexity of the disease’s etiology, 
emphasizing the need for further exploration into the interplay 
between genetics, immune function, and sleep patterns in the 
context of MS.

EIMS was designed as a population-based, case–control study 
where information on lifestyle factors was gathered retrospec-
tively. Given that changes in sleep patterns may follow neurode-
generation, our study aimed to explore the potential interaction 
between HLA-DRB1*15:01 and sleep habits during the age period 
15–19 years regarding subsequent MS risk. Our questions about 
sleep were rather general and we did not have more detailed infor-
mation on sleep disorders. Additionally, we had no objective data 
on sleep. Since individuals with MS frequently encounter sleep dis-
orders and fatigue [21], it is plausible that cases may recall their 
previous sleep habits differently compared to controls. However, 
our finding of an interaction between short sleep/low sleep quality 
and HLA-DRB1*15:01 strengthens the evidence of inadequate sleep 
as a risk factor for MS. It appears unlikely that bias would substan-
tially impact on our findings, since any potential bias would depend 
both on recall of sleep patterns and HLA genotype. Additionally, 
the prior association observed between shift work and MS risk [4, 5] 
lends further support to our findings regarding the impact of short 
sleep/low sleep quality on the subsequent development of the dis-
ease. Respondents are unlikely to experience significant memory 
errors when answering questions about shift work. However, while 
we have taken steps to minimize bias, we cannot entirely eliminate 
the possibility of recall bias in our study.

The questions regarding sleep habits were answered by 82% of 
the cases and 66% of the controls, which raises concerns about 
potential selection bias. However, there were no differences 
observed in terms of age, sex, or smoking habits between those 
who participated in EIMS complementary questionnaire and 
those who did not. Moreover, the prevalence of lifestyle factors, 
such as smoking, among the controls was consistent with that of 
the general population [22]. Therefore, we are confident that our 
findings are not significantly influenced by selection bias.

Maintaining healthy sleep patterns is essential for overall 
immune health. Resent research has highlighted associations 
between excessive social media use and disrupted sleep patterns, 
particularly among adolescents. The pervasive availability of 
technology and internet access at all hours has contributing to 
insufficient sleep becoming a public health concern among this 
age group [23–28]. It underscores the significance of educational 

interventions aimed at adolescents and their parents, emphasiz-
ing the adverse health effects of insufficient sleep.

Future studies should consider incorporating validated sleep 
questionnaires with more detailed information on sleep quality 
and potential sleep disorders. Given the relatively low prevalence 
of MS, we recognize that implementing objective sleep measures 
such as polysomnography would be impractical and expensive. 
However, combining validated sleep questionnaires with wear-
able technology for continuous sleep monitoring on large scale 
could further enhance the depth and accuracy of sleep assess-
ments, which would be important in understanding the role of 
sleep in MS development more comprehensively.

In conclusion, our findings underscore the importance of 
addressing inadequate sleep during adolescence, particularly in 
the context of the HLA-DRB1*15:01 allele, as it appears to amplify 
the risk of subsequently developing MS.
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Funding
The study was supported by grants from the Swedish Research 
Council (2016-02349 and 2020-01998); from the Swedish Research 
Council for Health, Working Life and Welfare (2015-00195 and 
2019-00697), the Swedish Brain Foundation (FO2020-0077), AFA 
Insurance, European Aviation Safety Authority, Tercentenary 
fund of Bank of Sweden, Margaretha af Ugglas Foundation, the 
Swedish Foundation for MS Research, and NEURO Sweden.

Disclosure Statement
Financial disclosure: None. Nonfinancial disclosure: None.

Author Contribution
Conception and design of the study: all authors. Acquisition 
of data: all authors. Statistical analysis: A.K.H.. Drafting of the 
manuscript: E.J. and A.K.H.. All authors commented on the draft 
and approved the final version of the manuscript. All authors 
approved the final version to be published. All authors agree to be 
accountable for all aspects of the work.

Data Availability
Anonymized data underlying this article will be shared on rea-
sonable request from any qualified investigator that wants to 
analyze questions that are related to the published article.

Table 6.  OR of MS With 95% CI for Participants With Different HLA-DRB1*15:01 Status and Phase Shift Between Work/School Days and 
Free Days

DRB1*15:01 Phase shift (hours) ca/coa OR (95% C)b OR (95% CI)c AP (95% CI)c, p value

− <3 519/1164 1.0 (reference) 1.0 (reference)

− 3 or more 43/95 1.00 (0.69 to 1.46) 1.04 (0.71 to 1.52)

+ <3 630/462 3.07 (2.62 to 3.60) 3.52 (2.87 to 4.31)

+ 3 or more 61/45 3.03 (2.03 to 4.52) 3.59 (2.34 to 5.50) 0.02 (−0.42 to 0.43), .97

anumber of exposed cases and controls;
badjusted for age, sex, residential area, and ancestry;
cadjusted for age, sex, residential area, ancestry, smoking, infectious mononucleosis, sun exposure, sleep duration, sleep quality, HLA-DRB1*03:01, DRB1*13:03, 
DRB1*08:01, A*02:01, B*44:02, B*38:01, B*55:01, DQA1*01:01, DQB1*03:02, and DQB1*03:01.



6  |  SLEEP, 2024, Vol. 47, No. 10

References
1.	 International Multiple Sclerosis Genetics Consortium 2; Sawcer 

S, Hellenthal G, Pirinen M, et al. Genetic risk and a primary role 
for cell-mediated immune mechanisms in multiple sclerosis. 
Nature. 2011;476:214–219. doi: 10.1038/nature10251

2.	 Moutsianas L, Jostins L, Beecham AH, et al.; International IBD 
Genetics Consortium (IIBDGC). Class II HLA interactions modu-
late genetic risk for multiple sclerosis. Nat Genet. 2015;47:1107–
1113. doi: 10.1038/ng.3395

3.	 Hedström AK, Hillert J, Brenner N, et al. DRB1-environment inter-
actions in multiple sclerosis etiology: results from two Swedish 
case-control studies. J Neurol Neurosurg Psychiatry. 2021;92:717–
722. doi: 10.1136/jnnp-2020-325676

4.	 Gustavsen S, Sondergaard HB, Oturai DB, et al. Shift work at 
young age is associated with increased risk of multiple sclerosis 
in a Danish population. Mult Scler Relat Disord. 2016;9:104–109. 
doi: 10.1016/j.msard.2016.06.010

5.	 Hedström AK, Åkerstedt T, Olsson T, Alfredsson L. Shift work 
influences multiple sclerosis risk. Mult Scler. 2015;21:1195–1199. 
doi: 10.1177/1352458514563592

6.	 Åkerstedt T, Olsson T, Alfredsson L, Hedström AK. Insufficient 
sleep during adolescence and risk of multiple sclerosis: results 
from a Swedish case-control study. J Neurol Neurosurg Psychiatry. 
2023;94:331–336. doi: 10.1136/jnnp-2022-330123

7.	 Garbarino S, Lanteri P, Bragazzi NL, et al. Role of sleep depriva-
tion in immune-related disease risk and outcomes. Commun 
Biol. 2021;4:1304. doi: 10.1038/s42003-021-02825-4

8.	 Gradisar M, Gardner G, Dohnt H. Recent worldwide sleep 
patterns and problems during adolescence: a review and 
meta-analysis of age, region, and sleep. Sleep Med. 2011;12:110–
118. doi: 10.1016/j.sleep.2010.11.008

9.	 Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for 
multiple sclerosis: 2005 revisions to the “McDonald Criteria.”. 
Ann Neurol. 2005;58:840–846. doi: 10.1002/ana.20703

10.	 Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for 
multiple sclerosis: 2010 revisions to the McDonald Criteria. Ann 
Neurol. 2011;69:292–302. doi: 10.1002/ana.22366

11.	 Akerstedt T, Ingre M, Broman JE, Kecklund G. Disturbed sleep 
in shift workers, day workers, and insomniacs. Chronobiol Int. 
2008;25:333–348. doi: 10.1080/07420520802113922

12.	 Patsopoulos NA, Baranzini SE, Santaniello A, et al. Multiple scle-
rosis genomic map implicates peripheral immune cells and 
microglia in susceptibility. Science. 2019;365:eaav7188.

13.	 Dilthey A, Leslie S, Moutsianas L, et al. Multi-population classi-
cal HLA type imputation. PLoS Comput Biol. 2013;9:e1002877. doi: 
10.1371/journal.pcbi.1002877

14.	 Manchanda S, Singh H, Kaur T, Kaur G. Low-grade neu-
roinflammation due to chronic sleep deprivation results in 

anxiety and learning and memory impairments. Mol Cell 
Biochem. 2018;449:63–72. doi: 10.1007/s11010-018-3343-7

15.	 Xue R, Wan Y, Sun X, Zhang X, Gao W, Wu W. Nicotinic miti-
gation of neuroinflammation and oxidative stress after chronic 
sleep deprivation. Front Immunol. 2019;10:2546. doi: 10.3389/
fimmu.2019.02546

16.	 Hurtado-Alvarado G, Becerril-Villanueva E, Contis-Montes de 
Oca A, et al. The yin/yang of inflammatory status: blood-brain 
barrier regulation during sleep. Brain Behav Immun. 2018;69:154–
166. doi: 10.1016/j.bbi.2017.11.009

17.	 Bollinger T, Bollinger A, Oster H, Solbach W. Sleep, immunity, and 
circadian clocks: a mechanistic model. Gerontology. 2010;56:574–
580. doi: 10.1159/000281827

18.	 Taylor L, von Lendenfeld F, Ashton A, et al. Sleep and circadian 
rhythm disruption alters the lung transcriptome to predis-
pose to viral infection. iScience. 2023;26:105877. doi: 10.1016/j.
isci.2022.105877

19.	 Hedström AK. Risk factors for multiple sclerosis in the context 
of Epstein-Barr virus infection. Front Immunol. 2023;14:1212676. 
doi: 10.3389/fimmu.2023.1212676

20.	 Sausen DG, Bhutta MS, Gallo ES, Dahari H, Borenstein R. 
Stress-induced Epstein-Barr virus reactivation. Biomolecules. 
2021;11:1380. doi: 10.3390/biom11091380

21.	 Drerup M, Roth A, Kane A, Sullivan AB. Therapeutic approaches 
to insomnia and fatigue in patients with multiple sclerosis. Nat 
Sci Sleep. 2021; 13:201–207. doi: 10.2147/nss.s256676

22.	 Internetbased information. http://www.scb.se. Accessed 
September 18, 2023.

23.	 Levenson JC, Shensa A, Sidani JE, Colditz JB, Primack BA. The 
association between social media use and sleep disturbance 
among young adults. Prev Med. 2016;85:36–41. doi: 10.1016/j.
ypmed.2016.01.001

24.	 Cleland Woods H, Scott H. Sleepy teens: social media use in ado-
lescence is associated with poor sleep quality, anxiety, depres-
sion, and low self-esteem. J Adolesc. 2016;51:41–49.

25.	 Garet R, Liu S, Young SD. The relationship between social media 
use and sleep quality among undergraduate students. Inf 
Commun Soc. 2018;21:163–173.

26.	 Sampasa-Kanyinga H, Hamilton HA, Chaput JP. Use of social 
media is associated with short sleep duration in a dose–
response manner in students aged 11 to 20 years. Acta Paediatr. 
2018;107:694–700. doi: 10.1111/apa.14210

27.	 Scott H, Biello SM, Woods HS. Social media use and adolescent 
sleep patterns: cross-sectional findings from the UK millen-
nium cohort study. BMJ Open. 2019;9:e031161.

28.	 Kokka I, Mourikis I, Nicolaides NC, et al. Exploring the effects 
of problematic internet use on adolescent sleep: a systematic 
review. Int J Environ Res Public Health. 2021;18:760. doi: 10.3390/
ijerph18020760

https://doi.org/10.1038/nature10251
https://doi.org/10.1038/ng.3395
https://doi.org/10.1136/jnnp-2020-325676
https://doi.org/10.1016/j.msard.2016.06.010
https://doi.org/10.1177/1352458514563592
https://doi.org/10.1136/jnnp-2022-330123
https://doi.org/10.1038/s42003-021-02825-4
https://doi.org/10.1016/j.sleep.2010.11.008
https://doi.org/10.1002/ana.20703
https://doi.org/10.1002/ana.22366
https://doi.org/10.1080/07420520802113922
https://doi.org/10.1371/journal.pcbi.1002877
https://doi.org/10.1007/s11010-018-3343-7
https://doi.org/10.3389/fimmu.2019.02546
https://doi.org/10.3389/fimmu.2019.02546
https://doi.org/10.1016/j.bbi.2017.11.009
https://doi.org/10.1159/000281827
https://doi.org/10.1016/j.isci.2022.105877
https://doi.org/10.1016/j.isci.2022.105877
https://doi.org/10.3389/fimmu.2023.1212676
https://doi.org/10.3390/biom11091380
https://doi.org/10.2147/nss.s256676
http://www.scb.se
https://doi.org/10.1016/j.ypmed.2016.01.001
https://doi.org/10.1016/j.ypmed.2016.01.001
https://doi.org/10.1111/apa.14210
https://doi.org/10.3390/ijerph18020760
https://doi.org/10.3390/ijerph18020760

	Adolescent sleep patterns, genetic predisposition, and risk of multiple sclerosis
	Methods
	Design and study population
	Definition of exposure variables
	Sleep duration.
	Phase shift.
	Sleep quality.

	Genotyping
	Statistical analysis

	Results
	Interactions between aspects of sleep and HLA-DRB1*15:01

	Discussion
	Supplementary material
	References


